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Abstract 
Given the fact of growing deposition of atmospheric nitrogen (N) in terrestrial biosphere, it is critical to get a better understanding 
of potential changes in terrestrial N cycle causing from the increasing deposited N. In this study, a global scale process-based 
Terrestrial Biogeochemical Nitrogen Cycle (TBNC) model originally developed by Lin et al., (2000) has been improved and 
applied to quantify the changes of terrestrial N cycle under the scenarios of N deposition at conditions in 1993 and 2050 (Galloway 
et al., 2004). Sensitivity analysis and empirical validation indicated the reliability of the model for addressing the complexity of 
current N cycle changes and its capacity for investigating long-term scenarios in the future. Under the growing rates of 34% and 
77% as in NOy (all oxidized forms of N including N2O) and NHx (NH3 and NH4+), depositions, the model results show that 
ammonium and nitrate in surface soil are predicted to increase about 10% and 23%, while other N pools have no obvious change. 
Major N fluxes in soil, i.e. denitrification, ammonium volatilization, nitrate leaching, gaseous losses (mainly N2O and NO) and 
nitrification, are predicted to increase about 10-25%. The responses of major biome classes show that an increase rate of 10% as in 
ammonium accumulation is predicted to occur in temperate forests, while temperate shrublands and grasslands are the most 
important nitrate reservoir with an increase rate of 20% in response to future N depositions. Generally, TBNC model could help us 
to quantitatively understand and explain the causes and consequences of spatiotemporal changes of global N cycle, and thereby 
provide a means of estimating the potential responses of terrestrial ecosystems to alteration of the global N cycle, especially from 
human impacts. 
 
© 2011 Published by Elsevier Ltd. 
Keywords: Terrestrial Biogeochemical Nitrogen Cycle (TBNC) model, steady state model, global nitrogen cycle, nitrogen deposition, 
anthropogenic disturbance 
1. Introduction 
Until recently, projections of climate change are usually made based on the classical coupled climate carbon (C) 
cycle models without consideration of N excess or limitation in the terrestrial biosphere, however, understanding the 
mechanisms of the increased availability of N interacts with other biogeochemical element cycles is thought to be 
crucial for accurate projections of future climate change[1]. As a response, a variety of biogeochemical cycle models 
based on the interactions among the C, N and water cycles have been developed in recent decades, including DyN 
(Dynamic Nitrogen) [2], DNDC (Denitrification-Decomposition) [3], TEM (Terrestrial Ecosystem Model) [4, 5], and 
Hybrid v3.0 [6], and many others. All these models are driven by the climate variables of surface and soil, and employ 
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algorithms to simulate important N transformation processes such as the exchange of N between the surface and the 
atmosphere through denitrification and deposition, the assimilation and release of N through plant uptake, fixation and 
turnover, and the decomposition of organic matter and the transformation of N in soil. As such, they provide an 
important means to simulate regional and global C and N cycles, and to assess the impacts of climate variability and its 
long-term change on these cycles [7]. While most of the work has so far been limited to the simulation of a 
hypothetical natural N cycle in the terrestrial biosphere, the processes and amounts of realistic N cycling, that is greatly 
modified by the human activities, are seldom included in a global-scale N cycle modelling framework. 
Nowadays humans have dramatically altered the global N cycle. Three anthropogenic processes, including fossil 
fuel combustion, artificial N fertilizer production, and legume and rice cultivation, are responsible for converting 
unreactive N to various forms of reactive N [8, 9]. In the 1990s, these three sources of anthropogenic N to the 
environment amounted to more than 160 teragrams (Tg) N per year [10-12], which is much more than supply from 
natural biological N fixation on land (110 Tg N per year) [1]. As a result, a large anthropogenic increase in global N 
deposition during the 20th century has been proposed as a contributory effect [13, 14]. There are also critical questions 
about the fate and impact of the N deposited to terrestrial, freshwater, and marine realms [15]. Recently, a global 
gridded estimates of atmospheric N deposition for the years 1860 and 1993 and projections for the year 2050 are 
provided by Galloway et al., (2004) [16-18].  
In this study, the estimates of N deposition in 1993 and 2050 were derived and taken as the scenarios of current and 
future N deposition, noted as DEPO-I, and DEPO-II respectively. On this basis, Terrestrial Biogeochemical Nitrogen 
Cycle (TBNC) model, developed by Lin et al., (2000) [19], is improved and used as a means to estimate and 
demonstrate the potential changes and responses of N cycle to future N deposition. Finally, the limitations of this 
model and the direction of future improvements are also discussed.  
2. Methodology 
2.1. Improvement of  TBNC model 
The TBNC model was initially designed for a global view of the biogeochemical N cycle based on the mass balance 
concept of C and N in the terrestrial ecosystems [19]. To improve simulation accuracy and efficiency, all of the model 
parameters and the relative formula on the N processes have been updated and integrated into TBNC model partly 
from the existing N cycle models [2-5].  
2.1.1.  Overview of the improved TBNC model 
Following the current understanding on global C and N cycle, major pathways for C and N cycling are illustrated as 
shown in Fig.1, which also show some points of control between the two cycles. The central point for the TBNC 
model is the allocation logic between the C and N cycles. C and N allocation is controlled by fixed C: N ratios, so new 
growth is dependent on there being an adequate supply of both C, from the gross photosynthesis process, and N, taken 
up by the plants from the soil. In the case of excess C coming from the photosynthesis predictions, with respect to the 
N available from the soil, gross photosynthesis is reduced, effectively attenuating the N use efficiency under N-
limiting conditions. N is introduced into the biosphere in various organic and inorganic N compounds from litter of 
plant tissues, fixation by symbiotic or non-symbiotic bacteria, and deposition. Simultaneously, N is removed from the 
soil by plant uptake, leaching, volatilization, denitrification and other gaseous emissions. These movements and 
transformations of the various N compounds throughout the cycle can be represented by the 10 major ecological 
processes occurring among the three compartments. Processes in the vegetation compartment comprises (1) plant 
photosynthesis, (2) plant autotrophic respiration, and (3) plant N uptake; the organic-soil compartment includes (4) 
organic C&N decomposition in litter, active and stable SON pools, (5) biological N2-ﬁxation; the inorganic-soil 
compartment includes (6) nitrification, (7) NH3 volatilization, (8) nitrate leaching, (9) nitrate and ammonium 
deposition, (10) denitrification. Among these processes, process (3) uses an annual time step, and the others use a daily 
time step. 
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Fig. 1. Conceptual framework of TBNC model, illustrating some of the most important fluxes of C and N within the plant-litter-soil-atmosphere 
system. 
2.1.2. Model equilibrium analysis 
Generally, equilibrium of an ecosystem model refers to a steady status in which model state variables reach a 
dynamical balance (e.g., dead tissues are replaced by new tissues of the same quantities). As the first step, the steady 
state for each vegetation type in each cell is monitored independently, and the model was to start all soils with no 
organic matter, and plants with a very low initial biomass, and let the soil organic matter and plant biomass upgrade 
over many cycles until equilibrium conditions are reached, which is defined by a variation in total soil N averaged over 
several hundred years of less than 0.005% per year. We present results for fluxes (such as NPP and annual N uptake) 
as values for the last simulation year and for all state variables as values at the end of the last simulation day. 
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In Eqs. (1) – (6), t refers to the time step of the calculation (day or year). The N fluxes in above equations, including 
how each is controlled by external environmental factors, are described in detail below. All acronyms are deﬁned in 
Table 1. All the external driving variables required by TBNC model are limited to climate (daily values of temperature, 
precipitation and radiation), soil climate (soil temperature, soil water content and soil pH), vegetation types, and soil 
texture types.  
Table 1. Description of all state, influx and efflux variables simulated in TBNC model 
N Pools Classification Symbol Definition Unit 
Plant N pool 
Influxes N_uptakeamm Plant N uptake as in ammonium Tg N﹒yr-1 
 N_uptakenit Plant N uptake as in nitrate Tg N﹒yr-1 
Effluxes N_fallann Litter-fall from plant tissues Tg N﹒yr-1 
Storages Veg_N Organic N storage in plant pool Pg N 
Litter N pool 
Influxes N_fallann Litter-fall from plant tissues Tg N﹒yr-1 
 N_fix Biological N fixation Tg N﹒yr-1 
Effluxes N_Lit_dec Decomposition from litter Tg N﹒yr-1 
 N_Lit_humactive Litter huminification for active SON Tg N﹒yr-1 
 N_Lit_humstable Litter huminification for stable SON Tg N﹒yr-1 
Storages Lit_N Organic N storage in litter pool Pg N 
Active SON 
pool 
Influxes N_Lit_humactive Litter huminification for active SON Tg N﹒yr-1 
Effluxes N_Active_min Active SON mineralization Tg N﹒yr-1 
Storages SON_Active Active humus storage in SON pool Pg N 
Stable SON 
pool 
Influxes N_Lit_humstable Litter huminification for stable SON Tg N﹒yr-1 
Effluxes N_Stable_min Stable SON mineralization Tg N﹒yr-1 
Storages SON_Stable Stable humus storage in SON pool Pg N 
Ammonium 
SIN pool 
Influxes N_Lit_dec Decomposition from litter Tg N﹒yr-1 
 N_Active_min Active SON mineralization Tg N﹒yr-1 
 N_Stable_min Stable SON mineralization Tg N﹒yr-1 
 Amm_depo Ammonium deposition Tg N﹒yr-1 
Effluxes N_uptakeamm N uptake as in ammonium Tg N﹒yr-1 
 Gas_NH3 Ammonium volatilization Tg N﹒yr-1 
 Amm_nitrif Ammonium nitrification Tg N﹒yr-1 
Storages SIN_Amm Ammonium storage in SIN pool Pg N 
Nitrate SIN 
pool 
Influxes Amm_nitrif Ammonium nitrification Tg N﹒yr-1 
 Nit_depo Nitrate deposition Tg N﹒yr-1 
Effluxes N_uptakenit N uptake as in nitrate  Tg N﹒yr-1 
 Nit_denitrif Nitrate denitrification Tg N﹒yr-1 
 Nit_leach Nitrate leaching Tg N﹒yr-1 
 Gas_NOx Gaseous losses as in NOx Tg N﹒yr-1 
Storages SIN_Nit Nitrate storage in SIN pool Pg N 
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2.1.3. Model sensitivity analysis 
Sensitivity analysis considers the robustness of a model’s results to relatively changes in the main input parameters 
[20]. In this study, a ‘one-at-a-time’ (OAT) method [21, 22] is used to examine the relative sensitivity of model major 
input parameters in TBNC model.  
For an investigation of the uncertainties in the parameter values, we measure the sensitivity by the response of 
model output to a fractional change in one single model parameter, while other parameters remained constant. We 
chose the six major parameters in N pools shown in Table 3, which included maximum theoretical photosynthetically 
active radiation conversion efficiency (εmax), decomposition rates of litter (τ1), mineralization rate of active SON (τ2), 
mineralization rate of stable SON (τ3), maximum rate of ammonium nitrified (Nmax);, maximum rate of 
denitrification (DENmax). Each of the parameters was changed by a magnitude of ±20%, and the sensitivity index (SI) 
was calculated using the following equation [23]: 
 
       
 xY
xYxxYxYxxY
SI

                                                                                                    (7) 
Where x is the value of the independent variable, x is the value for a fractional change of x, Y(x) is the value of the 
dependent variable and Y(x ± x ) is the corresponding change in Y(x) in response to the change in x. 
2.1.4. Model validation 
To validate a model empirically, one may employ either temporally or spatially independent data [24]. In this study, 
model estimates were compared with other model results. Since there are obvious variations among different soil 
layers for N content, it is difficult to achieve comparable observed data of soil organic and inorganic N content. 
Besides, the site-specific nature of the validation approach has limitations for global patterns and quantities. In doing 
so, soil C and N density from the Global Gridded Surfaces of Selected Soil Characteristics (IGBP–DIS) dataset [25] 
were used as spatial reference data for comparing the simulated soil C and N content. Moreover, spatial pattern of 
plant C content is also compared with the New IPCC Tier-1 global biomass carbon map for the year of 2000 [26].  
2.2. Data preparation 
For a global scale simulation, a large amount of input data, including climate, soil and land cover data, was required 
in this study (Table 2). Of these data, meteorological input was from the 10-year daily Global Land Data Assimilation 
system (GLDAS, 2000-2009) dataset distributed by the Goddard Earth Sciences Data and Information Services Center 
(GES-DISC). Gridded soil physical parameters were estimated from Harmonized World Soil Database (HWSD, 
Ver.1.0). Land cover data was obtained from the at-launch MODIS Land Cover Type product with the discrete 
classifications provided by UMD (MOD12Q1, V004, 2002-2008).  
Owing to a large degree of variation in data from sources with different spatial and temporal resolutions, it was 
necessary to perform a procedure of data reprocessing and standardization. To do this, all meteorological data were 
converted into binary format data with a cell size of 0.25° in a standard GIS software environment (ESRI, ArcGIS 9.2). 
In order to capture as much of the global range of variation in land cover and soil characteristics as possible, all the soil 
and land cover products with spatial resolution of 30〞were aggregated to a 0.25°×0.25° grid, while the fractional 
cover information within each grid cell was preserved. In this way, the global areal coverage of the vegetation types or 
soil texture types was preserved in the aggregation process, which was not the case when aggregating a discrete 
classification using whether the nearest neighbour or majority reclass approaches. Additionally, for reducing the time 
of calculations, the geographical regions absolutely unsuitable for plant growth were masked from the input data in 
southern regions. The study area covered the globe is from longitude 180° W to 180° E and from latitude 90 °N to 
60°S.  
A global gridded estimates of atmospheric N deposition for the years 1860 and 1993 and projections for the year 
2050 are provided by Galloway et al., (2004) [16], which are composed of total inorganic N, NHx (NH3 and NH4+), 
and NOy (all oxidized forms of N including N2O) with a spatial resolution of 5° × 3.75° [17, 18]. 
Table 2. Database used in model development and model calculation 
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Symbol Definition Unit Spatial resolution Source 
SWnet Daily net shortwave solar radiation MJ/m2 0.25°× 0.25° Global Land Data Assimilation 
system (GLDAS) dataset distributed 
by the Goddard Earth Sciences Data 
and Information Services Center 
(GES-DISC) (2000.04-2009.01, 
developed by GLDAS/NOAH 
experiment 881, 0.25°) 
Tair Daily average air temperature K 0.25°× 0.25° 
Tminair Daily minimum air temperature K 0.25°× 0.25° 
Tsoil Daily average soil temperature (0-
150cm) 
K 0.25°× 0.25° 
SWcont Daily average soil water content(0-
150cm) 
cm 0.25°× 0.25° 
Rainfall Daily average rainfall depth cm 0.25°× 0.25° 
Runoff Daily average surface runoff depth cm 0.25°× 0.25° 
VPD Daily average vapor pressure deficit Kpa 0.25°× 0.25° 
VEG Global vegetation type (based on the 
scheme of University of Maryland 
UMD) 
－ 30″ × 30″ NASA EOS-MODIS MOD12Q1 
V004 products (2001-2006) 
TEXsoil Global soil texture type (USDA) － 30″ × 30″ Global soil physical dataset: 
Harmonized World Soil Database 
(HWSD), Version 1.0 
pHsoil Global soil ph (HWSD) -log (H+) 30″ × 30″ 
3. Results and Discussions 
3.1. The improved TBNC model 
3.1.1. Model sensitivity analysis 
The sensitivity analysis results showed that the model is insensitive to the main input parameters (Table 3). In 
particular, the model results appeared to be most sensitive to the rate of litter decomposition (τ1). This reflects the fact 
that changes in the N storages are generally related more closely to fluctuations in litter decomposition than other 
ecological processes. This can probably be attributed to the assumption that the litter decomposition is the main 
sources for both SON and SIN in a hypothetical natural N cycle. In addition, the model also showed different 
sensitivities for different N pools. Given the same magnitude of change in input parameters, the ammonium and nitrate 
SIN pools are more easily influenced than other N pools. This interprets, to some extent, the N fluxes among these 
pools are more sensitive to the changes in the rates of photosynthesis (εmax), nitrification (Nmax) and denitrification 
(DENmax), since there is only a finite amount of soil inorganic N available for plant uptake in natural ecosystem. 
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3.1.2. Model validation 
Although simulated global major N storages show similar spatial distribution pattern to those results derived from 
previous version [19] and DyN [2], quantitative spatial comparison approach was still needed to evaluate the spatial 
location of major C and N storages. Fig.2-a illustrates the comparison between the simulated spatial distribution of the 
plant C content and the global biomass carbon map (New IPCC Tier-1). It is obvious that the model estimates largely 
coincided with the reference data in most temperate and cold regions, where overall differences are less than 10%. The 
discrepancies between them occurred mainly in some regions of tropical and subtropical area (20%–30%). This 
difference occurs because the same IPCC default carbon value was applied to all vegetation within each broad class 
regardless of growth condition [26]. This means that the indicated C storage in a given location could be more or less 
than the model simulation. As for the comparison between the simulated soil C and N content and the global 
distribution map of soil C and N density from IGBP-DIS dataset (Fig. 2-b), it is noticeable that global soil N storage 
shows a similar distribution pattern to soil C storage. In general, the model simulation was much higher than the 
IGBP-DIS dataset in temperate regions (20%–30%), such as North America, Europe and Southern Russia, and also in 
some tropical regions (10%–20%), such as Central Africa and South America.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Spatial comparison between the simulated plant C content and New IPCC Tier-1 global biomass carbon map (a), and simulated soil N content 
and IGBP-DIS soil N density dataset (b). Negative values represent percentages by which the simulated results were lower than the reference data 
and vice versa.  
3.2. Potential changes of N storages and fluxes upon the N deposition 
The above-verified TBNC model is employed as a modelling approach to simulate future changes of the N storages 
and fluxes in given N deposition scenarios. The sums of N storages and fluxes in each pool derived as simulated 
values of model variables for the corresponding N deposition. These simulated results are summarized and compared 
with estimates using other models (Table 4). According to the balance analysis of the scenarios, the coefficients are 
found to vary greatly among the six N pools. The maximum and minimum coefficients appear in the stable SON and 
(a) 
(b) 
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plant/litter N pools, respectively. Most of the coefficients are lower than 1% except for that of the stable SON pool, in 
very good agreement with the result of previous analysis [19]. All the preliminary results have proved the potential 
effect of future N deposition on the balance of the N cycle.  
3.2.1. N storages and fluxes in plant 
It can be seen clearly that plant N pool showed no difference in different N depositions. Total N storages in plant is 
estimated by simulation to be 12.53 Pg, which is between the previous estimates obtained by McElroy et al. (1976; 10 
Pg N) [27] and Kimura (1989; 15 Pg N) [28]. Correspondingly, the annual plant N uptake is estimated by simulation to 
be 3842 Tg N yr-1 as in ammonium and 528 Tg N yr-1 as in nitrate in the scenario of DEPO-I, while minor decrease of 
ammonium and increase of nitrate with almost same amount are found in DEPO-II. Meanwhile, as a major efflux from 
the plant N pool, N litter fall occurs at a rate of 4372(± 1) Tg N yr-1, which is nearly the same as the annual flux rate of 
plant N uptake. 
3.2.2. N storages and fluxes in litter 
The storage of litter N is estimated by simulation to be 14.14 Pg in both DEPO-I and DEPO-II (Table 3), which is 
in good agreement with our previous simulation (Lin et al., 2000; 20 Pg) [19] and higher than a previous model 
estimate by Xu and Prentice (2008; 4.6 Pg) [2].In addition to litter fall from plant N pool, another important source 
flux (biological N fixation by soil microorganisms) is simulated to be 368 Tg N yr-1. Regarding the output fluxes from 
the litter pool, part of the N in the litter is directly decomposed into ammonium at a rate of 2918 Tg N yr-1, and the rest 
of the N in the litter is converted into humus through the huminification processes occurring in the active SON pool 
(1809 Tg N yr-1) and the stable SON pool (12 Tg N yr-1). In all, Changes of N deposition have no obvious influence on 
the N fluxes and storages in litter. 
3.2.3. N storages and fluxes in SON 
The global amount of organic N stored in surface soil is estimated by simulation to be 44.24 Pg in the active SON 
pool and 7.47 Pg in the stable SON pool, which is also of a similar magnitude to values obtained by simulations of Lin 
et al. (2000) [19] and Xu and Prentice (2008) [2] (Table 4). It was found that there is only very little increase of both 
active and slow SON, which indicates that SON is also not affected by the elevated N deposition.  
3.2.4. N storages and fluxes in SIN 
In contrast to the huge amount of organic N stored in the soil, all the mineral soil N pools (mainly ammonium and 
nitrate) are quite small, contributing to less than 10% of total soil N. The amount of ammonium and nitrate are 
estimated by simulation to be 10.36 Pg and 2.01 Pg in DEPO-I, respectively, which are consistent with the estimate of 
15 Pg for the amount of inorganic N in surface soil obtained using our previous model [19] but much higher than the 
results obtained by the DyN model (0.36 Pg ammonium and 0.58 Pg nitrate) [2]. As for DEPO-II, Ammonium and 
nitrate are estimated to be 11.39 Pg and 2.47 Pg, which are about 10% and 23% higher than those in DEPO-I.  
As a response for increase rates of 34% and 77% as in NOy and NHx depositions, Denitrification showed the 
greatest rate of change among all the fluxes, which is simulated to be 258 Tg N yr-1 in DEPO-I and 322 Tg N yr-1 in 
DEPO-II. Moreover, all other N fluxes in the SIN pool, such as ammonium volatilization, nitrate leaching, gaseous 
losses (mainly N2O and NO) and nitrification, are predicted to increase about 10-20% in DEPO-II. The estimates are 
much higher than the recently predicted global rates [15, 29, 30]. One of the reasons for the difference is that the soil 
database (soil temperature and moisture) used in this model is different from that used in other models.  
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Table 4. Comparison of simulated N storages (Pg N), simulated N influxes, and simulated N effluxes (Tg N yr-1) in three scenarios with previous 
reported values at the global level 
N Pools Classification Symbol DEPO-I DEPO-II Reference values 
Plant N pool 
Influxesa N_uptakeamm 3842 3826 412[31], 4744[19] 
 N_uptakenit 528 547 661[31],1463[19] 
Effluxes N_fallann 4371 4373 6274[19] 
Storages Veg_N  12.53 12.54 10[27], 15[28], 16[19], 5.3[2] 
Coefficients of difference CDa -0.02% 0.00% - 
Litter N pool 
Influxes N_fallann 4371 4373 6274[19] 
 N_fix 368 369 211[19], 145[1] 
Effluxes N_Lit_dec 2918 2919 3544[19] 
 N_Lit_hum 1821 1822 2839[19] 
Storages Lit_N 14.14 14.15 20[19], 4.6[2] 
Coefficients of difference CD 0.00% 0.02% - 
Active SON 
pool 
Influxes N_Lit_humactive 1809 1810 2695[19] 
Effluxes N_Active_min 1810 1811 2695[19] 
Storages SON_Active 44.24 44.26 56.8[2], 70[32] , 95[33] 
Coefficients of difference CD -0.06% -0.06% - 
Stable SON 
pool 
Influxes N_Lit_humstable 12 12 44[19] 
Effluxes N_Stable_min 11 11 44[19] 
Storages SON_Stable 7.47 7.48 12[19] 
Coefficients of difference CD 8.33% 8.33% - 
Ammonium 
SIN pool 
Influxes N_Lit_dec 2918 2919 3544[19] 
 N_Active_min 1810 1811 2695[19] 
 N_Stable_min 11 11 44[19] 
 Amm_depo 133 236 77[19], 135[34] 
Effluxes N_uptakeamm 3842 3826 412[31], 4744[19] 
 Gas_NH3 211 259 34[19]  
 Amm_nitrif 818 890 805[19] 
Storages SIN_Amm 10.36 11.39 10.7[19], 0.361[2] 
Coefficients of difference CD 0.02% 0.04%  
Nitrate SIN 
pool 
Influxes Amm_nitrif 818 890 805[19] 
 Nit_depo 112 150 39[19], 112[34] 
Effluxes N_uptakenit 528 547 661[31],1463[19] 
 Nit_denitrif 258 322 240[19], 124[15], 289[30] 
 Nit_leach 131 157 12[19], 15[29] 
 Gas_NOx 12 14 3[19], 5[15], 12[30] 
Storages SIN_Nit 2.01 2.47 3.3[19], 0.58[2] 
Coefficients of difference CD 0.11% 0.00%  
a CD is defined as the coefficient of difference between N influxes and effluxes, which is calculated as CD = (∑influxes - ∑effluxes)/ ∑influxes. 
4. Concluding remarks 
This paper describes an improved modelling approach for simulating dynamically changes in the N cycle resulting 
from elevated N deposition on a global scale. The basic hypothesis was that all plant, litter, and soil N pools develop 
along a monotonic path from the zero state to the steady state with only a very small perturbation of the leaf C and N. 
A steady state model refers to model state variables reaching a dynamical balance or to N influxes into each pool 
being balanced by effluxes. After imposing anthropogenic disturbances, i.e. future N deposition, on this steady state 
model, the ‘disturbed’ state of the terrestrial biosphere can be calculated until it again reaches a steady state. The 
steady state model was used as a tool to quantitatively evaluate anthropogenic disturbances against the background of 
our quantitative knowledge of the biogeochemical N cycle.  
All empirical validations of this model by comparison with other estimates of the N spatial distribution obtained 
using other models indicate that the updated model is suitable for reliably simulating global amounts and patterns of N 
fluxes and storages. Moreover, a sensitivity analysis on the uncertainties of the input parameters indicated that the 
updated model has a more robust structure and allows the convincing simulation of the behaviours and properties of 
the natural N cycle. Nevertheless, although it is necessary to future validate model results and consider the interaction 
mechanisms of gaseous NO, N2O, and CH4 emissions, the current TBNC model is expected to be a useful tool for 
quantifying environmental loads in the terrestrial ecosystem that are calculated as the responses of N cycling to 
changes in the global N budget, particularly direct changes through industrial and agricultural activities and indirect 
changes through fossil fuel use and changes in climate and land cover. 
The model still contains some limitations and uncertainties. First, when the model are used to simulate composition 
and distribution of N reservoirs and fluxes, the fixed model parameters, i.e. the predefined N ecosystem retention 
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efficiency, the allocation logic among plant tissues and C: N ratios in various ecosystems, etc., should be in a dynamic 
state and change spatially and temporally, and all these inherent uncertainties can bring about some bias in the model 
outputs. Second, since N cycling are so dynamic and mechanistic understanding of C-N-climate interactions is 
insufficient [1], even when all the model parameters is well optimized according to the environment conditions, 
realistic spatiotemporal pattern of N cycle may not necessarily be described by those empirical relationships derived 
from field observations that operate at finer spatiotemporal scales. Third, one of the reasons for the difference between 
the model estimates and the IGBP-DIS dataset is that the database was produced from the statistical data in the 1990s, 
and it describes the soil C and N density at a depth interval of 0–100 cm, which is less than the soil depth used in this 
study (0–150cm). Uncertainties or bias in the reference data can distort the performance of the model validation in 
some way.  
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